Rationale: Frailty represents an increased vulnerability to adverse health outcomes. The frailty phenotype conceptual model (three or more patient attributes of wasting, exhaustion, low activity, slowness, and weakness) is associated with increased morbidity and mortality in geriatric populations.
Chronic obstructive pulmonary disease (COPD) is the third leading cause of death in the world, and is associated with high clinical and financial burdens (1, 2) . COPD is a heterogeneous disease; some patients with COPD have certain attributes that others do not (e.g., frequent exacerbations) that influence outcomes (3) . Further research into COPD prognostic factors is necessary to improve the care and counseling of patients (4) (5) (6) .
Frailty is a syndrome of vulnerability due to physiologic dysfunction and decline. It is commonly described as an increased susceptibility to adverse health outcomes. Frailty is associated with increased morbidity and mortality in geriatric and certain chronic-disease populations (7) (8) (9) (10) (11) (12) (13) (14) . Frailty is often assessed according to the Fried frailty phenotype (7) . First described in geriatric individuals, the conceptual model of the frailty phenotype consists of a constellation of three or more frailty parameters (wasting, exhaustion, decreased physical activity, slowness, and weakness) (7) . Patients with respiratory impairment are at an increased risk for frailty (15, 16) . In fact, the prevalence of frailty by the Fried frailty phenotype in elderly patients with COPD is 10.2%, roughly twice that observed in patients without COPD (16) . In patients with COPD, frailty is a risk factor for noncompletion of pulmonary rehabilitation (17) . Maddocks and colleagues attributed this risk to hospitalizations and acute exacerbations in frail patients (17) . Interestingly, frailty in lung transplant candidates (a significant proportion of whom are patients with COPD) is associated with both pre-and post-transplant mortality (13, 14) . Further study is needed to determine the importance of the frailty phenotype in COPD.
Our primary objective was to determine whether the frailty phenotype was associated with mortality in COPD. Our secondary objectives were 1) to determine whether the frailty phenotype was associated with the timing and extent of hospitalizations in COPD, 2) to examine quality of life in the context of frailty, and 3) to describe the prevalence and incidence of frailty in our cohort.
This work was presented in poster form at the annual meeting of the International Society of Heart and Lung Transplantation, Nice, France, 2015 (18) .
Methods

Inclusion/Exclusion
This study used data from the previously published NETT study, a large, randomized controlled trial that was conducted over 4.5 years and compared lung volume reduction surgery with medical management in patients with COPD (19, 20) . The NETT was conducted in accordance with the amended Declaration of Helsinki. Local institutional review boards approved the NETT protocol and written informed consent was obtained from participants (19, 20) . Participants from 17 centers were included if they were nonsmokers (abstinent > 6 mo) with moderate to severe COPD. Subjects were excluded if they had >10% weight loss in the prior 90 days or a 6-minute walk distance (6MWD) of <140 m after pulmonary rehabilitation (20) . Prospective collection of patientreported outcomes, 6MWD, pulmonary function tests, and Medicare claims data was performed (21) . In addition to annual visits, participating sites phoned participants every 3 months to collect exercise and healthcare use data. Our study included NETT participants 12 months after randomization (our study's baseline to minimize surgical effects) and followed participants an additional 24 months (using the participants' annual study visits and telephonically collected data). Mortality was recorded as of September 30, 2008 .
Definitions
We used the conceptual model of the Fried frailty phenotype to define frailty (7). All baseline parameters were measured 12 months after NETT study enrollment. Participants were considered "frail" if they had three or more of the following frailty parameters: wasting, exhaustion, low physical activity, slowness, and weakness ( Figure 1 ) (7). Participants with one or two parameters present were "prefrail" and those with none were "nonfrail." Wasting was defined as a decline in measured body mass index (BMI) of >5% over the past year, a modification of Fried's criteria to place the weight loss in the context of the height and baseline weight of the participant. Exhaustion was defined as feeling worn out "all" or "most" of the time in the past 4 weeks, a patient-reported measure of the Medical Outcomes Survey Short Form-36 (SF-36) in lieu of the two exhaustion questions from the Chronic Epidemiologic Studies of Depression Questionnaire (these data were not collected during the NETT study) (22) . Low physical activity was defined as ,60 minutes of lowerextremity exercise per week (the lower quartile of activity for this cohort), as assessed telephonically during the NETT study. This was in substitution for the short Minnesota Leisure Time Activity Questionnaire used by Fried and colleagues (7) . Slowness was defined as a 6MWD < 770 ft if the subject was short (<173 cm for men; <159 cm for women) or <900 ft if the subject was tall (.173 cm for men; .159 cm for women) (7) . These cutoffs were derived from the lowest quintile for gait speed in men and women used by Fried and colleagues (7) . Grip strength was not collected during NETT. Prior studies have demonstrated maximal respiratory pressures correlates with grip strength (r = 0.7) and differs between frail, prefrail, and nonfrail individuals (23) . Weakness was defined as a maximal inspiratory pressure (MIP) , 60% or a maximal expiratory pressure (MEP) , 50% predicted, the lower quartile for this cohort (24) .
Predictors and Outcomes
Our primary predictor of interest was the presence or absence of the frailty phenotype as a dichotomous variable comparing frail with nonfrail/prefrail. Our primary outcome of interest was all-cause mortality. Secondary outcomes of interest included time to first hospitalization and the number of hospital days. We also evaluated frailty prevalence and associations with quality of life as measured by St. George's Respiratory Questionnaire (SGRQ) and the SF-36 (22, 25) .
Statistical Analysis
Participant characteristics were summarized using medians and interquartile ranges (IQRs) for continuous variables, and counts and percentages with standard deviations (SDs) for categorical variables. Differences between groups were tested using Wilcoxon rank-sum and chi-square tests as appropriate. Spearman correlation coefficients were used to assess the ORIGINAL RESEARCH strength of associations between variables. Changes in frailty over time were determined using the percent frail at each time point and tested using chi-square tests. Person-years of frailty were calculated as the number of frail cases divided by the total time the participants were at risk for frailty. Statistical analyses were performed using SAS software version 9.4 (SAS Institute, Inc.). P values , 0.05 were considered significant.
All of the primary models used frailty as a binary indicator variable that compared the frail group with the group that combined nonfrail and prefrail subjects. All timerelated variables were calculated as the time from our study's baseline (the NETT evaluation 12 months after randomization). Time to death and time to first hospitalization were modeled using Cox proportional hazards models. KaplanMeier curves and log-rank tests were also used for these time-to-event endpoints.
The number of days in the hospital was modeled using linear multivariable regression models. All of the models were checked to verify that the modeling assumptions were met. We adjusted for components of the ADO index ( Missing data values were imputed via the Markov chain Monte Carlo method with 25 multiple imputations. All models were validated using bootstrapping. One thousand bootstrapped samples were selected from the original study population. Lasso models were selected from each of the bootstrapped samples, and the percent of time each variable was selected for the model was calculated. Variables that were selected in .70% of the samples were considered stable predictors (27) .
Results
Demographics
Acknowledging that frail patients are less likely to provide Month 12 data than nonfrail patients due to early deaths and drop outs, we performed a landmark analysis comparing frail and nonfrail patients 12 months after NETT randomization. Of the original 1,218 NETT participants, 902 had data 12 months after randomization, allowing for inclusion. Included participants did not differ from excluded subjects by age or BMI, but did have small, but statistically significantly better, mMRC (mean difference 0.1 6 0.05) and FEV 1 % predicted (mean difference 1.4% 6 0.41%) values. Because a low 6MWD after pulmonary rehabilitation was an exclusion criterion, it was not surprising that excluded patients also had lower 6MWD values (mean difference 38 6 6 m). No data were missing for age, sex, or treatment allocation arm. mMRC scores were missing for 36 participants (4%), and FEV 1 was missing for 113 patients (13%). Baseline characteristics are included in Table 1 . The participants were predominantly white (94.5%), male (59.5%), and married (65.2%), with a median age of 67 (IQR, 63-70) and a median FEV 1 % predicted of 26 (IQR, (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) . Comparisons of baseline characteristics by frailty categorization are provided in Table 1 . Frail participants were more likely to be in the nonsurgical arm of the study (P = 0.02) and had less education (P = 0.02). Over the course of our study, 298 of the 902 participants died and 304 hospitalizations occurred.
Prevalence and Incidence
The prevalence of frailty was 6% (95% confidence interval [CI], 4.5-7.6%). This reflects the percentage of participants who were frail 12 months after NETT randomization, our study's baseline. At this baseline, the majority of participants were prefrail (n = 547), 282 were nonfrail, 57 were frail, and 16 did not have available frailty data. Of the frail participants, 31 had wasting, 37 were slow, 28 were exhausted, 31 had decreased physical activity, 25 had a low MIP, and 47 had a low MEP.
Interestingly, the number and percentage of frail participants did not vary much between baseline (6%), 12 months (7%), and 24 months of follow-up (4%). The incidence rate (the percentage of patients Figure 1 . Frailty phenotype in chronic obstructive pulmonary disease (COPD). "Frail" was defined as the presence of three or more of the following parameters: wasting, exhaustion, low physical activity, slowness, or weakness. Participants with one or two parameters present were "prefrail" and those with none were "nonfrail/normal." Wasting was defined as a decline in body mass index (BMI) of >5% over the past year. Exhaustion was defined as feeling worn out "all" or "most" of the time in the past 4 weeks. Low physical activity was defined as ,60 minutes of lower-extremity exercise per week (the lower quartile for this cohort). Slowness was defined using the 6-minute walk distance (6MWD): <770 ft if the subject was short (<173 cm for men; <159 cm for women) and <900 ft if the subject was tall (.173 cm for men; .159 cm for women). Weakness was defined as a maximal inspiratory pressure (MIP) , 60% or a maximal expiratory pressure (MEP) , 50% predicted (the lower quartile for this cohort).
ORIGINAL RESEARCH who were not frail at one evaluation but were frail at the next evaluation) for new frailty phenotype in 1 year was 5.9%, with an incident rate per 100 person-years of 6.4 (95% CI, 5.5-7.4). Of those who were nonfrail at baseline, 50% stayed nonfrail, 43% became prefrail, 2% became frail, and 6% died (with 28 lost to follow-up). Of those who were prefrail at baseline, 23% improved to nonfrail in 12 months, 63% remained prefrail, 9% became frail, and 5% died (43 lost to follow-up). This gives an incidence of frailty in the prefrail category of 9% (95% CI, 6-11%) per year, or greater than four times that observed in nonfrail participants (2%; 95% CI, 1-5%). Of those who were frail at baseline, 8% died and 14% remained frail. Of the others, 64% became prefrail and 14% became normal (with 7 lost to follow-up).
Frailty Phenotype and Prefrailty
Frail participants had significantly worse survival by Kaplan-Meier survival analysis (see Figure 2) . The 2-year event rate for mortality was 36% (29.2 per 100 personyears) for frail participants versus 16% for prefrail or nonfrail participants (13.4 per 100 person-years; see Table 2 ). After adjustment, frail participants had a hazard ratio (HR) of 1.4 (95% CI, 0.97-2.0; P = 0.07) for mortality. In addition, the frailty phenotype was associated with an 8.0-day increase in hospital length of stay (CI, 4.4-11.6 d; P , 0.0001) and increased incidence of hospitalization (adjusted HR [aHR], 1.6; CI, 1.1-2.5; P = 0.02) after adjustment ( Figure 3) . A post hoc sensitivity analysis was performed using the frailty phenotype score as a continuous variable, with minimal impact on the results. A one-point increase in the frailty phenotype score resulted in an estimated increase of 1.7 days in the hospital (95% CI, 0.7-2.7 d; P , 0.0001), an aHR of 1.2 (95% CI, 1.1-1.4; P , 0.01) for time to hospitalization, and an aHR of 1.1 (95% CI, 0.9-1.2; P = 0.25) for survival. Prefrail (as an additional indicator variable in the adjusted models) was not significantly related to days in the hospital, time to hospitalization, or survival time (see Table 2 ).
Quality of Life
Frail patients reported a worse quality of life. The total SGRQ score for frail patients was 60.3, with higher scores indicating more impairment (25) . The mean difference was 11.6 (95% CI, 7.6-15.6; P , 0.0001)-nearly three times the reported minimum clinically important difference for SGRQ of 4 (28) . Likewise, frail patients reported consistently lower scores (indicating worse functioning) than the other patients for SF-36 physical functioning (mean difference 216.7; 95% CI, 221.3 to 212.1; P , 0.0001) and physical composite (mean difference 25.5; 95% CI, 27.6 to 23.4; P = 0.0001) scores. When the frailty phenotype score was used as a continuous variable, the Spearman correlation coefficients were 20.26 and 20.29 for SF-36 physical composite and physical function scores, respectively (P , 0.001). Frail participants also reported a lower (worse) SF-36 mental composite score (mean difference 26.8; 95% CI, 210.0 to 23.6; P , 0.0001) (22) .
Discussion
Given the association of frailty with important health outcomes in geriatric patients and those with other chronic diseases, we postulated that frailty would be an important predictor in patients with ORIGINAL RESEARCH COPD (7, 14, (29) (30) (31) (32) . Based on the initial work of Fried and colleagues and subsequent frailty studies, we used the conceptual paradigm of the frailty phenotype to measure frailty in COPD and assess relevant outcomes. We found the prevalence of frailty in COPD to be 6%. This is lower than the 10.2% frailty prevalence (by the Fried frailty phenotype) in elderly patients with COPD (median age 75 yr) described by Lahousse and colleagues (16) . Our lower prevalence likely reflects the different frailty measurements used, the younger cohort used in the current study, and the rigorous screening process of NETT (whereby subjects with baseline weight loss, pulmonary rehabilitation noncompleters, or those with a low 6MWD despite rehabilitation were excluded). The persistence of an association of frailty with increased hospitalization despite this screening and pulmonary rehabilitation, we believe, strengthens the importance of the association. It is similar to previous findings in lung-transplant studies, which showed that heavily scrutinized and selected candidates, who often underwent pretransplant pulmonary rehabilitation, still demonstrated an increased risk of pre-and post-transplant mortality when they were frail (13, 14) . In our study, prefrail patients had a greater than fourfold increased risk of developing frailty. Prior studies of the pathogenesis of frailty support this finding. Frailty is often described as a "cycle of decline," in which impairment in one parameter, such as low physical activity, leads to declines in other frailty parameters (33) .
We have demonstrated a possible association of the frailty phenotype with increased mortality in patients with COPD as frail patients. The "frail" designation had an HR of 1.4 in this cohort, after controlling for ADO index, sex, and treatment allocation arm (P = 0.07). This expands upon the work of Vaz Fragoso and colleagues, who identified an increased risk of mortality in patients with both respiratory impairment by spirometry and frailty compared with those without either (15) . This finding is also consistent with findings in frail lung-transplant candidates. Singer and colleagues demonstrated that frail candidates are at increased risk of a composite endpoint of death or delisting (14) . In addition, Wilson and colleagues demonstrated that pretransplant frailty is associated with increased post-transplant mortality (13) .
Mittal and colleagues previously showed that frail pulmonary rehabilitation attendees (both with and without COPD) were more likely to self-report a hospitalization in the previous 12 months than nonfrail patients (34) . Furthermore, Maddocks and colleagues demonstrated that frail patients with COPD were less likely to complete pulmonary rehabilitation, in part due to hospitalizations (17) . Our work confirms and expands upon these prior findings. We have also demonstrated a significant association of the frailty phenotype with decreased time to first hospitalization (aHR, 1.6). In addition, frail patients with COPD had a median increase of 8 days in the hospital.
COPD Phenotype
Recent work in COPD has focused on describing clusters of patients with similar attributes that are associated with prognosis and important clinical outcomes termed phenotypes (3). Previous works have described the emphysema-hyperinflation, COPD-asthma overlap, and frequentexacerbator COPD phenotypes (35) . The recognition of such phenotypes allows clinical screening for a unique population at risk and allows for tailored medical regimens. We believe that the frailty phenotype similarly identifies a unique population at risk for increased hospitalizations, death, and poor quality of life. Based on the preliminary work by Maddocks and colleagues, pulmonary rehabilitation may offer unique benefits to this population (17) . Although pulmonary rehabilitation is already recommended for symptomatic COPD, further studies to clarify whether pulmonary rehabilitation significantly improves frailty and frailty parameters are desired. An exercise intervention may be the best intervention to reverse the frailty syndrome. This notion is supported by preliminary studies in geriatric individuals and patients with COPD that demonstrated improvement of frailty parameters after exercise intervention (36, 37) .
Implications for Clinical Practice
We believe this study has immediate implications for clinical practice. Given the use of multicenter recruitment and the large number of participants in this study, we expect our findings to be widely (36) . Finally, although it was powered as a prevalence study, the work by Maddocks and colleagues suggested that completion of pulmonary rehabilitation is beneficial for frail patients with COPD (17) . Further studies are needed to determine whether the benefits of such interventions are sustained, and whether relapses of frailty can be treated with similar interventions. Currently, measurement of the frailty phenotype is not the standard of care. However, with a simple stepwise approach, frailty assessments should only minimally increase clinic visit times and testing.
Implications for Future Research
This study has described the importance of the frailty phenotype in COPD. A further understanding of how the COPD frailty phenotype can be modified or treated, and whether modification improves hospitalization, mortality, and quality of life outcomes are key topics for future research.
Strengths and Limitations
The strengths of this study include multicenter recruitment, a large sample size, and the rigorous prospective methodology of the NETT database. Pre-Frail Frail 
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This study has several limitations. Although we used the previously described frailty phenotype paradigm from the geriatric literature (wasting, slowness, low physical activity, weakness, and exhaustion) (7), we also used practical clinical measures that were available in the NETT database and are likely available in clinical settings. For example, in lieu of gait speed, we used the 6MWD to measure slowness. We believe this is justifiable because gait speed is strongly correlated with the 6MWD (r = 0.77-0.80); however, further comparisons may be needed to avoid misclassifications (38) . In lieu of grip strength, which was unavailable in the NETT database, we used respiratory muscle strength. Respiratory muscle strength is strongly correlated with grip strength (r = 0.7) and has been demonstrated to differ significantly between frail and nonfrail subjects (23) . Respiratory muscle strength is also more likely to be clinically available than grip strength. However, respiratory muscle strength has the disadvantage that it may also be affected by worsening pulmonary disease. Finally, we did not use the Minnesota Leisure Time Activity Questionnaire, as used in the original geriatric cohort by Fried and colleagues, and instead used self-reported lower-extremity physical activity (7). However, Baldwin and colleagues demonstrated that the Minnesota Leisure Time Activity Questionnaire had a substantial floor effect in a population with respiratory disease (39) . Although it was done for pragmatic reasons of data availability, translating the Fried frailty phenotype into clinically available measures might be seen as a strength of this study.
Our study was conducted in a population of patients with COPD who were prescreened for inclusion in a clinical trial. The influence of comorbidities on frailty was not explored. The selection criteria excluded patients with unintentional weight loss or a low 6MWD after pulmonary rehabilitation. Although our cohort began 1 year later, frailty prevalence may have been underestimated.
Missing data is another limitation. Sixteen participants lacked data on all frailty data points. In addition, the 6MWD was only measured at our study's baseline (12 months after randomization) and 1 year later. However, we found that the overall 6MWD declined by only 60 ft, or 4%, from the initial measurement to the follow-up measurement 12 months later. If we were to assume another 4% decline in the 6MWD in the subsequent 12 months, we may have underestimated the number of frail participants at our 24-month follow-up by four subjects, or 0.4%. Given the small effect on frailty categorization, we did not believe it was necessary to use an imputed value for the 24-month 6MWD. Finally, there was an 8.6% loss to follow-up between our baseline and 12-month follow-up data.
Additionally, the NETT study involved a largely white population, and it is unknown whether our work can be extrapolated to nonwhite patients.
Conclusions
Frailty is a state of increased susceptibility to adverse health outcomes. In this study, frailty was associated with decreased time to first hospitalization and increased days in the hospital compared with subjects who were not frail. In addition, frail patients reported a worse quality of life. n Author disclosures are available with the text of this article at www.atsjournals.org.
